INTRODUCTION
Pestiviruses infect sheep, cattle and pigs, and cause significant economic losses worldwide. Border disease virus (BDV) belongs to the genus Pestivirus within the family Flaviviridae (Krametter-Froetscher et al., 2007; Kale et al., 2011) . Border disease is a congenital viral disease of sheep and goats which was first reported in 1959 in the Border region of Wales and England (Hughes et al., 1959) . The disease is characterised by barren ewes, abortion, stillbirth and the birth of small, weak lambs showing tremor, abnormal body conformation and hairy fleeces (Nettleton et al., 1998) .
Among the natural hosts of pestivirus are ruminants and wild ruminants in addition to various single-toed animals and deer (Moennig et al., 1990) .
BDV can be transmitted through the secretions and excretions of the infected animals in addition to aborted foetuses, foetal membranes, and infected blood (Kittelberger et al., 2008) .
The pestivirus genome is ssRNA+ that is 12.3-12.7 kilobases (kb). The virus, 40-60 nm in diameter, is surrounded by a 5-7 μm thick membrane whose outer surface is lined with radial processes, characterised by helical symmetry (Rasmussen et al., 2008) . The virus is inactivated at 56 °C for 30 min and is sensitive to lipid solvents, ultraviolet light, and disinfectants (Rumenapf et al., 1991) . Two biotypes of pestiviruses have been distinguished according to their proliferation in the cell culture -cytopathic and noncytopathic (Fulton et al., 2005) . BDV is further divided into 4 subgroups in accordance with its antigenic features and host species (Berriatua et al., 2006) . Besides these subgroups, 2 novel subgroups (BDV5 and BDV6) were established from pestivirus isolates in France (Dubois et al., 2008) .
Serological investigations have shown a worldwide distribution of Border disease virus. Seroprevalence rates in sheep vary from 5 to 50% depending on country or region investigated (Nettleton et al., 1998) . Serological investigations in Iran have shown a mean individual prevalence of 16% with marked differences (Dadkhah et al., 2011) . Based on recent reports, BDV isolates have been divided into seven genotypes at least, and widely distributed in different countries, such as many European countries, Australia, New Zealand, Canada, the United States, India, Turkey, Japan and China (Oguzoglu et al., 2009; Strong et al., 2010; Mao et al., 2015) . Unfortunately, there isn't any report of ovine abortion due to this virus from Iran. Therefore, the aim of the present study was to characterise the presence of BDV genome in sheep aborted foetuses.
MATERIALS AND METHODS

Blood sampling and RNA extraction
The target group of this cross-sectional survey comprised aborted samples of sheep taken by personnel of the veterinary organisations of Chaharmahal and Bakhtiari province. The foetal fluids were obtained during the period 2014-2015 and were analysed to detect BDV gene. The number of sheep in this province was approximately 240,000 and the number of affected farms was 851.
Foetal fluids were collected with a syringe and then immersed in Eagle's minimal essential medium supplemented with penicillin, amikacin, amphotericin B and 1% foetal bovine serum. RNA was extracted with QIAamp Viral RNA Mini Kit (Qiagen, Cat No: 52904) according to manufacturer's instruction.
Detection of BDV by RT-PCR assay
TaqMan Reverse Transcription Kit (Invitrogen, Cat No: N8080234) was used to cDNA synthesis. In brief, the reaction was done in the total volume of 10 μL and included 1 μL of 10× RT buffer, 2.2 μL of 25 mM MgCl 2 , 2 μL of 10 mM dNTPs, 0.5 μL of Random hexamers, 0.2 μL of RNase inhibitors, 0.25 μL of reverse transcriptase (MMLV RT) (50 U/μL), the RNA template (400-500 ng/μL) and deionised sterile water. RT reaction thermal cycling conditions consisted of: 25 o C for 10 min, 48 o C for 30 min and 95 o C for 5 min. Then cDNAs were maintained at -20 o C for PCR assay. The presence of BDV was detected using the primers designed by Beacon designer software. The sequences of the forward and reverse primers were 5'-TCGTGGTGAGATCCCT GAG-3' and 5'-GCAGAGATTTTTTAT ACTAGCCTATRC-3', respectively. Each PCR reaction was performed in a final volume of 25 µL containing 11 µL of deionised sterile water, 10 µL of Taq DNA Polymerase 2× Mix Red-MgCl 2 2 mM (GeneAll, Cat. No: A180301), 1 pmol of each primer and 2 µg of DNA template.
The thermal cycling conditions for the PCR amplification were 1 cycle for 4 min at 94 o C, 35 cycles of 30 s at 94 o C, 45 s at 55 o C and 45 s at 72 o C, with a final extension step of 5 min at 72 o C. Positive and negative controls (from Veterinary Laboratories Agency, UK) were included in each analysis. Six µL of the amplified products were loaded on a 1.3% agarose gel and visualised by staining with ethidium bromide and compared to DNA markers (100 base pair ladder, Fermentas).
Sequencing
Two PCR positive samples in a volume of 50 mL were sent to Bioneer Company for sequencing. DNA Sequencing Service performed on the ABI 3730XL DNA Analyzer, which provides high quality of sequence analysis data (Phred Score (QV): ≥ 20, guaranteed read lengths: ≥ 600 bp). After sequencing, alignment of expected amplicon with the read sequences was performed to confirm PCR accuracy.
RESULTS
BDV gene fragment was identified using RT-PCR test and the BDV-specific band with the size of 225 bp was detected in DNA positive control. The positive RT-PCR products were of the same size as those from the positive control ( Fig. 1) . Of 100 foetal fluids, 9 samples (9 %) were positive for BDV nucleotide fragment using RT-PCR test.
After sequencing, alignment of expected amplicon with the read sequences, confirmed the presence of the BDV nucleotide fragment in the positive samples. There was 99% identity between PCR product sequences and expected amplicon that showed that nucleotide fragment amplification was done correctly (Fig. 2) . 
DISCUSSION
Although the presence of pestivirus infections in animal populations can be determined using direct immunofluorescence and IP, its antigens can be detected using ELISA (Sandvik et al., 2005) . However, when the sensitivity and specificity of these tests are considered, ELISA is not efficient, and the use of RT-PCR is firmly suggested to detect BDV antigens (Garcia-Perez et al., 2009) .
Previous studies (Krametter-Froetscher et al., 2008) made clear that Border disease virus infected sheep are at a high risk for pestivirus introduction in susceptible cattle herds and cause abortion in sheep and goats.
The presence of pestiviruses in rams has been investigated previously in Turkey (Burgu et al., 2001) . BDV infection in goats occurred in China; however, no cases of BD have been reported in sheep flocks. Liu et al. (2013) demonstrated that BDV also infected sheep in China. These reports showed the low prevalence found in rams that can be explained by the management conditions, because in some flocks, rams are reared in a separate group and consequently maintained far from infected animals. Keyvanfar et al. (1999) showed by serum neutralisation test using Border disease virus (isolated from Iran) a BDV prevalence of 12.8%. According to the age, the lambs between 4-8 months showed the lowest (8.1%) and those over 18 months had the highest (18.3%) infection rate. In another report from Iran, Dadkhah et al. (2011) found that 16% of the studied samples were infected by the virus and had a distinctive antibody titre. There isn't any report of ovine abortion due to this virus from Iran and the present study is the first, to our knowledge, to examine the BDV prevalence of aborted sheep foetuses living in Chaharmahal and Bakhtiari province of Iran. It is useful for future studies in this area.
In the present study, 9 aborted foetuses positive for the presence of BDV gene were found. The result of PCR was confirmed by sequencing that showed that there was 99% identity between PCR product sequences and expected amplicon. DNA sequencing has become a key technology in many areas of biology and other sciences. In this study DNA sequencing may be used to determine the sequence of individual genes of BDV strains in Iran.
It is suggested that all animals of the breed stock should be checked for the presence of BDV. To control BDV in a flock, it is also important to ensure that replacement lambs are all negative for BDV.
Hairy shaker lambs only appear in some breeds of sheep, depending on the characteristics of their wool. There are other common clinical symptoms such as stillbirth, abortion, neurological symptoms, joint disorders, and bone malformations, which must be considered as well (Mao et al., 2015) . Presence of BDV in wild animals should be checked in Iran, as well.
In conclusion, for the first time to our knowledge, the presence of BDV infection in sheep aborted foetuses in Chaharmal and Bakhtiari province was demon-strated, so BDV may be considered as an etiologic agent of sheep abortions in Iran.
